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@ IWo-aMor Induction ^fiwlironoua 

@ A two-etator induction synchronoue motor includes a unitary rotor (30) having a first rotor asserhbly 
(30^ and a second rt^ assembly (30B) each of which is fbrmed by a pennanent magnet (85 ;86) and a 
rotor core (81 ;82). The first rotor assembly (3QA) and the second rotor assembly (30B) respectively have 
a first pair of and a second psHr of magnetic poles of me pennanent magnets (85,86) di^)osed in such a 
relative fM&ai that the fbnmer and the latter are dteplaced by 18(r or (T vrfth each other. The motor also 
includes a phase abating means which produces a phase difference of (T or 18(r between a vottage 
induced in rotor conductive members (31) by a rotating magnetic field generated annind the first rotor 
assembly (3aA) and a voltage Induced in rotor conductive members (32) by a rotating magnetic field 
generated around the second rotor assembly (30B). The two pennanent magnets (85.88) are dsposed In 
such a relation that the attracting or repeiling action of one pemmnent magnet (05) and the repelling or 
attracting action of the other permanent magnet (86) cancel each other, so that the starting operation is 
not intBTfered with. Tbe stEvting operation is the sane as in an induction motor and the running 
operation is as in a synchronous motor. 
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TWO^TATOR INDUCTION SYNCHRONOUS MOTOR 



BACKGROUND OF THE INVBmON 

The pressnt Invention relatBS Id a twMtatDr 
Induction synchronous motor and, mors partloularty, 
to an induction motor which includes tiM> stators and 
a unitary rator fbnned by two rotor core assemblies 
each havtaig a permanent magnet and whteh Is cap- 
able of operatii^ as an inductor motor at the start of 
the motor and operating as a synchronous motor dur- 
ing the normal running operation. 

Generally, a synchronous motor raquiras a start- 
ing means for accelsr a ting Is rotor to a rotating speed 
of rotating magnetic fielda produced toy stator wind- 
ings, that Is, appraximataly to a synchronous speed, 
and a means for effocting DC magnetization of rotor 
windings for the normal running operation. 

An induction synchronous motor has been dev- 
ised for omitting a Parting msans and having the 
synchronous motor itself to posses a starting torque 
so that the motor can first start as an induction motor 
vwth the rotor vnndings t>eing short-circufted whereby 
no special means for starting tlie mcto is raquirBd. 
However, such a motar requires brushes sines the 
rotor windfaigs must be magnefized by DC cunnsnt for 
synchronoia operation of the motor. When the rotat- 
ing speed of the rotor approaches the synchronous 
speed* the short-circuMng of the rotor windings Is 
rsieassd so that the DC current is allowed to flow to 
the rotor windii^ through the brushes from the exter- 
nal DC cunent power source thereby produdng mag- 
netic poles in the rotor. These nragnetic poles are 
attFBCtad by the rotating magnetic fidds produced by 
the stator wfridlngs so that the lotor is caused to be 
rotated at a synchronous speed. The brushes rsquire 
maintenance checks resulting In extra costs for main- 
tenance so ttiat the development of a synchronous 
motor having a brusMesa configuration is strongly 
desired 

As conventional synchronous motora having a 
bnjsMess configuration, there are motore of penma- 
nent magnet ^pes or rsluctance types but these are 
all limited to smaM capad^ motore because faKfaiction 
starting is not possibto and the starting torque is smaii. 
Such motore of an Inductor type have disadvantages 
because magnetic passages ttisrsin are complex 
resulting b) an incrsase In the size of the motors. The 
same Is true In 0ie motore using therein an AC mag- 
netizer and a rotary rectifier. A three-phase synchron- 
ous motor of a brushiess type utilizing a harmonic 
magnetic field through a square wave voltage of an 
Invertor by having a diode oonnected to the rotor wind- 
ings has a disadvantage in tiiat ttie magnetic magneti- 
zing power of the rotor is Insufficient and the wtput Is 
not strong enough. 

Further, Japanese Patent AppHcafionKokoku No. 



Sho 54(197^-34124 discloses an arrangement whe- 
rebi the starting is effected accnxfing to tiie Induction 
motor theory and tiie syndironous operatkm is effso- 

5 tsd by having the DC magnetizing fields formed in the 
axial direction theretiy causing the rotor cores to form 
magnetic poles. This has a drawback In ttiat tiie tor- 
que produced is asymmetrical with respect to tiie rot- 
ary axis, ttiareby causing ttie axis to vibrate. 

10 ThersfiDrep an olject of the present Invention Is to 
provide a synchronous motor which can produce a 
large starting torque and a large synchronous torque 
but which does not require bn^hes or any exclusive 
starting means so that the motor can be simple in its 

15 configuration and easy In maintenance. 

In carrying out the above and other ot>|ects of the 
invwitlon, there Is provided, in one form, a two-stator 
induction synchronous motor which comprises:- 

a un itary rotor havi ng a first rotor assembly and 

20 a second rotor assembly which are provided on a 
common rotary axis and each of which Is fonned ftyy a 
permanent magnet and a rotor core; a plurality of con- 
ductive membere which are provided on each of tiie 
rotor corse and extending through bott) ttie rotor 

25 cores; and a pair of short-drouit rings connecting the 
conductive members at their ends, 

ttie first rator assembly and ttie second rotor 
asssmUy respectively havlngafirst pair andaseoond 
pair of magnetic poles of tto permanent magnets die- 

30 posed in such a relative relation that the ffrst pair of 
magnetic poles and the second pair of magnetic poles 
are disi^aced t>y 180 degrees with each otiier; 

a first stator and a second stator fadng sur- 
roundlngly ttie first rotor assembly and the second 

35 rotor assembly, respectively; and 

a phase shifting means which produces a 
phase difforenoe of 0 degree or 1 80 degrees between 
a voltage which the first sttitor produces In the con- 
ductive membere by a rotating magnetic field gener- 

40 ated around ttie first rotor assembly faced by the first 
stator and a vdtage which the second stotor produces 
in ttie conductive membere by a rotating magnetic 
fields generated around the second rotor assembly 
foced by the second stator. 

45 With reference to the functions or operaticm of a 
voltage phase shifting device for a multiple stator 
induction motor, the inventore of ttie present appli- 
cation have given a full explanation in Japaness 
Patent Application No Sho 61(1d86)-128314. 

50 The operation of the two-stator induction 
synchronous nrKAor according to ttie present Invention 
\b explained witti tiie separation being pteced be- 
tween tiiat at tiie start of the motor and ttiat during ttie 
normal running operation. Fiistiy, at tiie start of the 

55 nrxitor, ttie voltages are induced in a piuraifty of rotor 
conductive membere by ttie rateting magn^c fields 
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produoed by the two stators so that current drculates 
through the rotor oonductiva members, which allows 
the motor to start in the same way as an ordinary 
induction motor. 

Under this state, in the two rotating magnetic 
fields produced by the stator corra and the magnetic 
pole pajTB of the two permanent magnets, the repei- 
ling and attracting acdom thereof develop separately 
but simultaneously with each other on the common 
axis and, since the absoluto values of the two repel- 
ling and attracting forces are identical and cancel 
each other, the prssance of the permanent magnets 
in no way interferes with the starting operation of the 
motor. 

After the start of the motor, as the rotating speed 
of the rotor incrsases and approaches a rotating 
speed of the rotating magnetic fields, that is. a 
synchronous speed, the voltages at the rotor conduc- 
tive members Induced by the rotating magnetic fields 
t>ecome small. The operation up to this point is that of 
an induction motor but this changes to a synchronous 
operation when the sttp S approadies S = 0.05. How 
this change raices place Is explained. 

Rrst, the voltage phase shifting means is oper- 
ated In such away ttiat a phase difference of 180^ Is 
developed between the voltages induced In the 
pluiali^ of rotv conductive ntembere tiy the rotating 
magnetic fields produced by 0ie two rotor cores, that 
is. In such a way that the current that has been flowing 
In circulation ttirough the rotor conductive members 
stops flowing. 

On the other hand, ttie magnetic pole pairs of the 
two permanent magnets and the magnetic poles of 
the two rotating magnetic fields produced t>y the two 
stators turn to tiie state wherein they ail attract witti 
each ottier and, as a result, ttie rotating speed of ttie 
motor is rendered to be a synchronous speed. 

One of tiie impc^nt functions In the Induction 
synchronous motoracoording to the present invention 
is thatr at the starting and the accelerating operation, 
when ttie action involved lean attFocting action by the 
permanent magnat of the first rotor assemtdy and ttie 
rotating magnetic fields, ttie action by the permanent 
magnet of the racond rotor assembly and ttie rotating 
magnetic fields is a repelling action so that ttie attract- 
ing action and the repelling action cancel each other. 
Furtiier, during the synchronous operation, due to the 
function of the vdlta^^ phase shifting means, the 
rotating magneticfields are 180** displaced finom those 
at the startof the motor and the magnetic poles of the 
pemnanent magnets all turn to their attracted states 
witfi respect to ttie rotating magnetic fields. 

The inducticm ^chronoi» motor according to 
this aspect of ttie bnfontion is formed t»y ttie one rotor 
and the two stators t>ut, since ttiey are provided vfitii 
two permanent magnets re^ectively fiadng the two 
stators, ttie capaci^ of ttie motor may be equated to 
twice that of a synchronous motor having one atator 



and one rotor. 

As explained above, ttie two-etator induction 
syndironous motoracoording to ttie present invention 
can produce a large starting torque because ttie 
5 motor starts according the principle of an inchjctton 
motor and, thus, does not rsqure any other spedal 
means for the starting. Further, tinoe the attracting 
and repelling forces of ttie penmanent magnets cancel 
each ottier on ttie same rotary axis, the start of ttie 
10 motor and the acoeleratton of the speed of tfie motor 
are not interfered witti ttmby. During ttie 
synchronboed speed operation, ttie permanent mag- 
nets are attracted by ttie rotating magnetic fields so 
ttiat It Is possible to increase the ^chronlzation tor- 
ts que by increasing the powerorttie strength of the per- 
manent magnets of ttie remand, for ttie synchronous 
operation, ttie motor does not require tmishes or any 
related extra rradntenance. 

As to the power supply for magnetizkig ttie staler 
20 windings, It Is possible to utilize an AC power source 
of a commercial frequency or a variable frequency 
power ajpply utiBzing an invertor. Use of such vari- 
able frequency power supply can fedlitate changfrig 
synchronous speeds. The phase imd can t>e ^er 
25 a single phase or multiple phases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and ottier objects, features and 

30 advantages of ttie present Invention wQI be apparent 
from the IbOowing description of preferred emtxid^ 
mentsof the invention explained with reference to tiie 
accompanying drawings, in which:- 

Flg. 1 diagrammatically stiows ttie main ^ctiral 

35 elements of ttie synchronous motor of a first 
embodiment according to ttie invenfion; 
Fig. 2 shows a diagrammatic sectional view of a 
rotor core of a c^indricai type; 
f\Q. 3 shows a diagrammatic sectional view of a 

40 rotor core of a saiient-pole type; 

Fig. 4 ehows a modified anangement of theffrst 
embodiment stiown in Fig. 1, wherein the perma- 
nent magnets are ananged outside of ttie respec- 
tive rotor cores; 

45 Fig. 5 ehows torque characteristic cunies 
obtained by the first embodiment shown In Fig. 1; 
Figs. 6(a)-6(c) show relative relations between 
tiie magnetic poles of ttie penmanent magnets 
and the rotating magn^ fields in ttie first embo- 

80 diment shown in Fig. 1; 

Fig. 7 shows an example of ttie phase shifting 
means; 

F«g. 8 shows ttie main stnidurai elements of ttie 
motor of the second embodiment according to ttie 
5S invention; 

Fig. 9 shows ttie connexion erf ttie resl^hre mem- 

bere to ttie rotor conductive members; 

Fig. 10 shows torque characteristic curves 
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obtained by the second emtNxfiment stwwn in 
Fig. 8; 

F^. 1 1(a)-1 1(c) Shaw relattve relations between 

the magnetic poles of the permanent magnets 

and the rotating magnetic fialds In the second 5 

embodiment shown in Fig. 6; 

Fig. 12 is a sectional view, partly In bfolcen away. 

of the synchronous motor ofthe third embocfiment 

according to the present invention; 

Figs. 1 3(a)-13(c) show relative relations between to 

the magnetic poles of the peimanant magnets 

and the rotating magnetic fielda in the third embo- 

d^nent shown bi Fig. 12; 

Fig. 14 is a diagrammatic view ofthe second rotor 

assembly seen finsm the side of the fM rotor f 5 

assembly; and 

Figs. 15(a)-15(c) show arrangements of the per- 
manent magnets in the rotor cores. 

PREFERRED EMBODIMENTS OF THE 20 
INVENTION 

Throughout the following explanation, similar 
reference symbols or numerals refer to the same or 
sfimilar elements in all figures of the drawings. 

A first embodiment accoidlng to the present 
invention wll now be explained wfth rsfsrenoe to Figs. 
1 to 7. In Fig. 1. numeral 20 represents an anrange- 
ment at the side of the statore and numeral 30 repre- 
sents an arrangement at ttie side of the rotor. At ttte 
stafior side 20, two statcx- windings 21» 22 are connec- 
ted In series to three-phase AC power eupply tennl- 
nals R. S and T. 

Two rotor corse 81, 82 are provided on a rotary 
axis 10 at the rotor side 30 and these rotor cores 81 , 
82 contain therein permanent magnets 85, 86 each 
having a pair of N- and S-pdes. A plurality of rotor 
conductive members 31. 32 are provide on and 
extend through peripheries of the bwo rotor cores 81, 
82 and are rsspecUvely connected lyy short-circuit 
rings 33. 34 which are provided at the b^ro ends of the 
rotor conductive members 31 , 32 for ttiem to be short- 
circuited thereby forming a unitary squirrel-cage type 
rotor. The rotor core 81, the permanent magnet 85, 
the rotor conductive membera 31 and the short-clreuit 
ring 33 constitute afirst rotor as8emt)ly.Ttie rotcr core 
82, the permanent magnet 66, the rotor conductive 
membere 31 and the short-drcuit ring 33 oonstihitB a 
second rotor assembly. 

Fig. 2 shows a eecQonal view of a rotor core of a 
cyiin(frical type and Fig. 3 shows a sectkmal view of 
a rotor core of a ealient pole type. 

As shown ^ F^ 2 and 3, the magnetic poles of 
the two magnets 85, 86 are disposed In such a way 
that, with the N-pole and the S-pole being in a pair, the 
N-pde (or S-pole) of one of the permanent magnets 
85 and the S-pole (or N-pole) of the other of the per- 
manent magnets 86 are respedhrely dispossd at 



identical oorrBsponcSng positions. 

TTie permanent magnets 85,86arenotilnvtadto 
be housed within the rotor cores 81, 82 and they may 
be arranged at out side end portions of the rotor cores 
81, 82, as diagrammatically llu^rated in Rg. 4, as 
separates elements from both the totof cores. 
Further, the rotor core 81 and the rotor core 82 are not 
limited to be separata elements and they msqr be fior- 
med as a unHaiy member. 

Here, tt Is assumed that the voltage induced In the 
rotor conductive membere 31 suiroundliHify feeing ttie 
atator20A having statorwindings 21 is in the direction 
E as et»wn In Fig. 1 and the voltage induced in the 
rotor conductive membere 32 sunroun<fin^ facing the 
stator20B having statorwirKlings 22 Is In the dtrection 
E^aa also shown in Rg. 1. The symbol 8 is a phase 
diffiarence angle of the voltages. 

Now, the operation ofthe motor having the above 
configuration is explained. Rrst, at the start of the 
motor, the power is supplied In the state in whidi the 
atator windings 21, 22 are connected such that the 
phase daiiBrence angle 8 of the voltages induced by 
the rotating magnetic fields of the rotor conductive 
membere 31, 32 Is 0 » 0^. As a consequence, the 
three-phase current flows from the power supply to 
the stator windings 21, 22 whereby the rotating mag- 
netic fields having raspecthwly the eame phase are 
produced and the voltages are induced In the rotor 
conductive membere 31, 32. However, since ttie 
phase diffierence angle of the induced voltages is 8 = 
0^ the current tofiow to the rotor conductive membeis 
ckoulatee firom the rotor conductive membera 31 to 
the rotor conductive membere 32. The torque by ttie 
rotating m^netic fields produced t>y the stator wind- 
ings 21 , 22 and ttie current fiowlng to the rotor conduc- 
tive membere 31, 32 Is the eame as ttiat In a 
conventional induction motor. That is, the motor of the 
Invention starts under the characteristic curve as 
shown in Fig. 5. 

Here, some consideration Is given to an Intsrao- 
tlon between the magnetic poles of the pennanent 
magnets 85. 86 and the pdes of ttie rotating magnetic 
fields produced by ttie stator windings 21, 22. 

Rgs. 6(a) to 6(c) show relative positions of the 
magnetic pole paire ofthe permanent magnets 85, 88 
connected wRh each ottier on the rotary axis 10 and 
the rotating magnetic fields produced by the two 
slatore 20A, 20B» As shown In the drawings, the N- 
pde of ttie permanent magnet 85 and ttie S-pde of 
the permanent magnrt 86 are disposed at Mentical 
corresponding positions and similaily ttie S-pde of 
the permanent magnet 85 and the N-pde of ttie per- 
manent magnet 86 are disposed at Identical oorre- 
sponding positions. 

Also, as ilustrated, ttie magnetic pdes N and S 
of ttie rotating magnetic fields produced by the stator 
windings 21 and tfie magnetic pdes N and S of ttie 
rotating magnetic fidda produced by ttie atator wind- 
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ings 22 both rotate in the same direction at the 
synchronous spMd txit the phase difference angle 8 
between the tuvo relating nragneticfields produced by 
the two stator windings 21, 22 Is 6 o» so that the 
magnetic pole N (or S) of the rotating magnetic fields 5 
produced by the stator windings 21 and the magnetic 
pde N (or S) of the relating magnetic fields produced 
by the stator wincfings 22 are always at identical cor- 
responding positions. 

Therefore^ assuming that the central angle t>e- io 
twwn the f4-pole of the pennanent magnet 85 and ttie 
N-pde of the rotating magnetic fields produced tiy the 
stator windings 21 Is momentarily a, the central angle 
between the S-poie of ttie permanent magnet 88 and 
the H^tdB of the rotating magnetic fields produced by fs 
the stator windings 22 wiD also be ou Therefore, the 
repelling force of the ^4-N poles acting agakist the per> 
manent magnet 88 equals to the attracting fbroe of the 
S-N poles acting against the permanent magnet 88. 
Thus, the repelDng force and the attracting fbrce coir^ so 
pletely cancel each ottier with a result that, from the 
ovendl aspect of the rotor, the permanent magnets 85, 
86 are not influenced liy tlie rotating magnetic fields. 
That is, the magnetic poles of the pemmnent magnets 
are in no way bound tyy the rotating magnetic fields. 25 
Therefore, the two-stator induction synchronous 
motor according to this invention can start with the 
same toniue characteristics as ttiose fxi a oonven- 
tionai induction motor, ttiereby enabling to provide a 
large starting torque without the need of any special 30 
starting means. It can rsadiiy be understood from the 
characteristic curves shown in the atx>ve l=ig. 5 that 
the starting torque Is large enough and there le no 
need of any special starting means. 

After the startkig of the motor, as the rotating 3S 
speed of the rotor increa^ and the slip S 
approaches S ~ 0.05, the motor enters into Is 
synchronous operation. How this is done Is hereinaf- 
ter explained. 

First, by the operation of the voltage phase stiHt- 40 
Ing means, the position (rfone of the two statorwind- 
ings 21, 22, for example, the stator wtoufinge 22, Is 
changed b/ being rotated atKHit the rotary axis so that 
a phase difference erf 180^ is provided between the 
two rotating magnetic fields produced respectively liy 45 
the two statxH- wincfings 21, 22. 

Instead of the mechanical means for effecting the 
phase shifting as explained above, it is possible to 
provide an arrangement, &s shown in Rg. 7, wherein 
a phase changing switch S is provided between the so 
stator wincfings and each phase of the three-phase 
power sources R, S and T and wherein, by tiaving ail 
of the connection pdnts thereof switched from V 
side to "b* side, the phase difference angle 8 of the 
two rotating magnetic fields produced by ttie stator 5S 
windings 21, 22 may be made d » 180^. 

When the ptmse difference angle e of the rotating 
magnetic fields Is 0 = 180^, the phase deference e of 



the induced voltages fai the two rotor conductive mem- 
bere 31, 32 becomes 0 = 180** and the sum of the 
induced voltages of the rotor conductive members 31, 
32 becomes E EeJi>°^ =: E - E - 0, so that the current 
stops flowing to the rotor conductive menti>er8 31 , 32. 

Now, the interactions l>etween the magnetic 
pdes of ttm permanent magnets 85, 88 and tlie mag- 
netic poles of the rotating magnetic fields produced by 
the two stator windings 21, 22 are again considered. 

During the syiKShrortous operation of the motor, 
the phase d iffere nce angle 8 of ttie two rotating mag- 
netic fields produced by the two statorwindings 21 , 22 
is e = 180** so that as shown In Fig. 6(b), the magnetic 
pole N (or S) of the rotating magnetic fields produosd 
by the stator windings 21 and the magnetic pole N (or 
S) of ttie rotating magnetic fields produced by tiie 
stator windings 22 are ahivays at different posSlons 
wHh the difference being 180*" in an electricai angle, 
in ottier words, ths N-pols of the rotating magnetic 
fields produced by the stator windings 21 and ttie S- 
pole of the rotating magnetic fields produced by the 
statorwindings 22 are ahways at identical correspond- 
ing positions. 

Therefbre, the N-pde of the permanent magnet 
85 and N-pole of the rotating magnetic fields pro- 
duced by the stator windings 21 repel each other and. 
similariy. the S-poie of the permanent magnet 88 and 
ttie S-poleorthe rotating magnetic fields produced by 
the stator windings 22 repel each otiiar witii ttie con- 
sequence that the positions of the pemianent mag- 
nets 85, 88 become stable under ttie condition in 
which ail of ttie N - S poles are attracted In the posi- 
tions as shown in F^. 6(c). Thetis, ttie whole mag- 
netic poles of ttie pennanent magnets 85, 86 are 
attracted by ttie magnetic poles of the rotating mag- 
netic fields produced by the stator wincfings 21, 22 and 
ttie nto rotates at ttie same speed as that of the rotat- 
ing magnetic fields, ttiat Is, at a synchronous speed. 

Next, a synchronous motor aoconiing to ttie pre* 
sent Invention Is explained hereunder wftti reference 
to Rg. 8 through Fig. 12. 

This second embodiment is differentfrom tfie first 
embodiment in that as afirat point, the rotor conduc- 
tive membera 31, 32are restotively short-circuited be- 
tween ttie first rotor assembly 30A and the second 
rotor assembly 30B by a phirali^ of connecting mem- 
bers R... as shown in Fig. 9. The connecting membeis 
R... are formed by material having h^h resistance. A 
second pdnt contrasted Is that the magnetic palm of 
the pennanent magnet of the first rotor assembly 3QA 
and ttie magnetic paire of the pennanent magnet erf 
the second rotor assembly 30B are disposed so ttiat 
they are located at Identically coiresponding positions 
urilics In ttie arrangement of tiie first emtxxSmont In 
which ttiey are disposed at positions 180 degrees 
relatively displaced with each ottier. 

The starting operation of the motor in this embo- 
diment talces place when flie phase diRisrence eff^ 
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tad by the vDttage phase diffiBrenos means is e = 1 80^. 
Underthls stale, there are induced voftages in reveise 
directions with each c^her In the rotor conductive 
members 31, 32 but the connecting members R... 
interposed between the first and second rotor 5 
assemblies 3QA and 30B allow current to flow, so that 
the starting torque is produced between the rotating 
magnetic fields and the currents, unlice the case \n the 
first embodiment Also, since the connecting mem- 
bere R... are of material having high resistance, the io 
starting torque generated is large. As shown 'm Fig. 
10, the motor ^arts in the same torque characteristics 
as those in a conventional Induction moltor having 
secondary high resistance. During the synchronous 
operation in the second embodiment, the phase diffar- is 
ence & effected by the voltage phase shtftir^ means 
lse = 0«. 

Fig. 11(a) to Fig. 11(c) show relative positions 
which tito place, respectively during the starting 
operation, during the transient state Jurt prior to the 20 
motor entering into the synchronous operation and 
during the synchronous operation, between the mag- 
netic poles of the magnetto palre of the permanent 
magnets 85, 86 connected with each other on the rot- 
ary axis 10 and the rotating magneticfields produced 25 
by the stator wimfings 21 , 22. 

Fig. 1 2 shows a side sectional view of a two-stator 
induction synchronous motor of a third embodiment 
aooording to the invention. The main diffsrence in this 
embodiment from the above explained first and seo- 30 
ond embodiments is that the rotor conductive mem- 
bers 31 of the first rotor assemUy30A and the rotor 
conductive members 32 of the second rotor assembly 
30B are continuously disposed between or extending 
through the rolorcore 81 and the rotor core 62. That as 
is, in this third embodiment, the first rotor assembly 
3QA and the second rotor assembly 30B are com- 
ptetely separated both electrically and magnetically. 

One of the impoitant stnichiral fsatures in the 
third embodiment is that the permanent magnet 85 of 40 
the first rotor assembly 3QA and the pennanent mag- 
net 86 of the second rotor assembly 30B are disposed 
In such a way that the attracting or repelling action be- 
tween the magnetic poles of the permanent magnet 
85 and the magnetic poles of the rotating magnetic 4S 
field produced by the first stetor20A and the repelling 
or attracting action betiveen the magnetic pdes of the 
permanent magnet 88 and the magnetie poles of the 
rotating magnetic field produced by the second stator 
20B cancel each other at the starting operation of ttie so 
motor. 

Figs. 13(a) to 13(c) show examples of relative 
positions of such magnetic palre of ttie permanent 
magnate 85 and 86 provided on the rotery axis 1 0 and 
the rotating magnetic fields produced by the stetor 55 
windings 21 and 22. The relative positions are shown 
respectively as those assumed during the storting 
operation, during the transient state Just prior to the 



motor entering into the synchronous operation and 
during the synchronous operation. In the iustrated 
examples, the phase difTeranoe 8 which the two stator 
windings 21 , 22 produce by the phase shiling means 
is 0** during the starting operation and 1 80^ during the 
synchronous operation of the motor. Where the phase 
difiBrence 6 is 180^ during the starting operation and 
180^ ckiring the synchronous operation, the perma- 
nent magnet 85 of the first rotor assembly 30A and the 
penmanent magnet 88 of the second rotor assembly 
30B may be. 01 one Ibmi, ananged in a unitary stnio- 
ture. 

Fig. 1 4 shows the second rotor assembly 308 as 
seen from the side of the first rotor assembly 3QA. The 
pemianent magnate 86 are. as Uusbatad in F|g& 
15(a) to 15(c}, housed within the rtibar core 82. 

The motor arranged as alxive Is simple in con- 
stmction and provides a large starting torque. It also 
provides a large synchronous torque and this may be 
achieved by inareasing the power or strength of ttie 
permanent magnets. 

Since the motor operates as an Induction motor 
when It is started, the power supply source can t>e one 
which is generaOy used for an induction nwtor. in 
other words, it is possible to utfllze an AC power 
source of a commerda) frequency or a variable fre- 
quency power supply utflizing an invwtor. The phase 
may eittier be a single phase or multiple phases. 

The above explanation and the Blustration in the 
drawings concerning the emtxxllmente premised on 
the arrangement wherdn the two stetor ¥vindings are 
connected in parallel but, of course, they can be con- 
nected in series. Further, for the salce of simplicity, the 
number of magnetic poles is assumed as two but 
again this number is not limitative. 

In the two-atator inductbn synchronous motor 
according to the present invention, ttie Parting oper- 
ation is the same as that In a conventional induction 
nrator and, from the tirne when the slip S approaches 
8 8 aos, the speed changes to a aynchfonous epeed 
and the motor opiates with torque characteristics of 
a synchronous ntotor. This two-^tor induction 
synchronous motor does not require brushes, which 
makes the construction and oonstitution of the motor 
simpler. Also, the motor is capable of operating at the 
start in the same torque characteristics ca In an induc- 
tion motor, which makes it possible for the motor to 
stert even under a loaded oonditton and continue to 
the synchronous operatton. 

Since the motor according to the present Inven- 
tkm is equipped vidth both the torque characteristics of 
an mductton motor and those of a synchronous motor, 
ttcan operate with efther of the toniue characteristics. 
This means that, in case the motor undergoes a step- 
out for some reasons, it is possible to switch the oper- 
ation from that with the synchronous torque 
charaderisttes to that with the indudton torque 
charactari8tk» so that, unlike in an ordinary synchron- 
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ous motor, the motor may be prevented firom suddenly 
stopping. 

As explained above, the motor does not requiTB 
bnishes and makes the configurBtion simple and. 
further, is capable of operating with a large starting 
torque and a large synchronous torque. 

Whie the Invention has been described in fts pre- 
fened embodiments, ft Is to tw understood ttiat ttie 
words which have been used are words of descrq>t»n 
rather than lintitation and that changes within the pur- 
view of the appended claims may be made without 
departing from the true scope and spirit of the inven- 
tion in its broader aspects. 



Claims 

1. A two-stator Induction synchronous motor com- 
prisingt- 

a unitary rotor (30) having a first rotor 
assembly (30A} and a second rotor assembly 
(30B) which are provided on a common rotary 
axb (10) and each of whidi bfbrmed by a peima- 
nent magnet(85;86) and a rotor core (81;82); a 
plurality of conductive members (3132) which 
are provided on each of said rotor cores (81 ;82) 
and extendUig through kM>th said rotor cores; and 
a pair of short-c&cuit rings (33,34) connecting 
said conductive memt)erB (31,32) at their ends, 

sakJ first rotor assemtrfy (30A) and ssdd 
second rotor assembly (30B) respectively having 
a first pair and a second pair of magnetic poles of 
said permanent magnets (85,86) disposed in 
sudi a relative rdation that said first pair of mi^ 
netlc poles and said second pair of magnetic 
poles are displaced by 180 degrees with each 
other; 

a fffst statu* (2QA) and a second stator 
(20B) facing surroundingly said first rotcu* assenv 
bly and said second rotor assmbly, respecthmly; 
and 

a phase shifting means which produces a 
phase difference of 0 degree or 180 degrees be- 
twveen a voltage which said first stator (2QA) pro- 
duces in said conductive members (31) tyy a 
rotating magnetic field generated around said first 
rotor assembly (30^ faced by said first stator and 
a voltage whidi ssad second stator (208) pro- 
duces in said conductive members (32) by a rotat- 
ing magnetic field generated around sM second 
rotor assembly (30B) faced by said second stator. 

Z A two^tator induction synchronous irwtor 
according to daim 1, said phase shifting means 
Is one which produces a phase difTerence of 0 
degree at the startof the motor and 160 degrees 
during the normal running operation. 



3. A twO'Stator Induction syndvonous motor 
according to daim 1, in which sach of said two 
rotor cores (81 ,82} to of a cylindricai type. 

5 4b A two^stBtor induction synchronous nrtotor 
according to daim 1. in which each of said two 
rotor cores (81,82) is of a salient pde type. 

5. A two-stator Induction synchronous motor 
10 according to daim 1, in which said rotor core (81) 
of first rotor assembly (3QA) and that (82) of said 
second rotor assembly (30B) are formed in one 
piece. 

15 8. A two-etator Induction synchronous motor 
according to daim 1, in which said phase shifiing 
means la a nrtechanlcal means for providing a 
rslative displaoement in said first stator (20^ and 
said ssoond stator (208). 

20 

7. A two-etator induction synchronous motor 
according to daim 1, in which said phase shifting 
means indudes a switching means (S) for switch- 
ing stator wimiing connections of said first stator 

25 (20A) and said second stator (208) to a power 
source. 

8. A two-stator Induction synchronous motor oom- 
prblng:- 

30 a unitary rotor (30) having a first and a seo 

ondrotora8sembly(30A,30B) which are provided 
on a common rotary axis (10) and each of which 
Is formed by a permanent magnet (85;86) and a 
rotor core (81 ;82); a plurality of conductive mem- 

35 bera (31;32) which are provided on each of said 
rotor cores (81,819 8nd which extend through 
tx)th said rotor cores; a pluralily of resistive menv- 
bere (R) which short-circuit said plurality of con- 
ductive membere (31,3^ at a position between 

40 said first and second rotor assemblies (3QA.30B); 
and a pair of short-circuit rings (33^) which 
short-drcuft said plurality of condudive membere 
(31 ,32) at their ends, 

said first rotor assembly (30A) and said 

45 second rotor assembly ^B)raspect)vety having 
a first pair and a second pair of magnetic poles of 
said pennanent magnets (85,86) disposed In 
such a relative relation that said first pair of mag- 
netic pdes and said second pair of magnetic 

60 poles are at identically corresponding positions; 

a first stator (20A) and a second stator 
(208) fadng surroundingly said first rotor assenv 
bly and said second rotor assembty, respectively; 
ami 

55 a phase shifting means which produces a 

phase difference of 0 degree or 180 degrees be- 
tween a voltage which said first stator (20A) pro- 
duces in saki conductive membere (31) bjf a 
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rotating magnetic field generated around said firet 
rotor assembly (30A) faced by said first statorand 
a voltage which said second stator (20B) pro- 
duces in said conductive membera (32) by a rotat- 
ing magnetic field generated around said second 5 
rotor assembly ^OB) faced by said second stator. 

9. A two-stator induction synchronot» motor 
according to dalm 8, In which said phase shifting 
means is one which produces a ptase diffarance 
of 180 degrees at the start of the motor and a 
phase diffarenoe of 0 degree during the normal 
running operation of the motor. 

10. A two-stator induction synchronous nrator 
according to daim 8, In which each of said two 
rotor cores (81,82) formed by the permanent 
magnet is of a i^lindrfcai fype. 

11. A twD^tor inducfion synchronous motor 
according to dalm 8, in wtiich each of said two 
rc^ cores (81,82) Is of a salient pde fype. 

12. A two-stator induction synchronous motor 
according to claim 8, bi which sM phase shifting 
means indudes a switching means (S) for switch- 
ing stator winding connections of s^ first and 
said second stator (2aA;20B) to a power sowce. 

13. A two-stator Induction synchronous motor com- 
prising:* 

a unitary rotor (30) having a first and a sec- 
ond rotor assembly (3QA,30B) which are provided 
on a common rotary axis (10), each of which has 
a permanent magnet (85;86) and a rotor core 
(81;82). and each of which has a plurality d con- 
ductive members (31;32) provided on said rotor 
core (81;82) and has a pair of short-drcuit rings 
(33;34) shoit-clrcuiting said conductive members 
(31.32) at their ends; 

a first stator (2QA) and a second stator 
(20B) facing surroundingly said first rotor assenrv 
biy (3QA) and said second rotor assembly (30B)» 
respectivaly; and 

a phase shifting means f^r producing a 
phase difference between a first magnetic field 
flux which said first stator(20A) generates around 
aaid first rotor assembly (3QA) faced by said first 
stator and a second rotating magnetic field flux 
which said second stator (20B) ^nerates around 
said second rotor assemtily (30B) faced by said 
second stator, said phase diffierence being 0 deg- 
ree or 1 80 degrees at the start of the motor and 
being 180 degrees from such phase difference of 
the start during the synchronous operation of the 
motor, 

saM penmanent magnrt (85) of said first 
rotor assembly (3QA) and said pemnanent magnet 



(86) of said second rotor assembly (86) being dis- 
pel in such a relation ttiat the attracting or 
repelling action bebween ttie magnetic pde paire 
of said permanent magnet (85) in said first rotor 
assemt)ly (3QA) and the rotating magnetic fields 
produced by said first stator (20A) and the repel- 
ling or attracting action lietween the magnetic 
pde paire of said pennanent magnet (86) In said 
second rotor assembly (30B) and the rotating 
magnetic fields produced tiy said second stator 
(20B) cancel each other. 

14w A two-stator induction syndironcxis motor 
according to daim 13, bi which said permanent 
magnet (85) of said first rotor assembly (3QA) and 
said pemnanent magnrt (86) of said second rotor 
assemt>iy (30B) are disposed between said firet 
and second rotor assemblies (30A,30B) and are 
formed in one piece. 
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